289 comprehensively analyzed tissue expression levels of 19 salmon igfbps and found four igfbp-3 290 paralogs had low expression in the liver and also other tissues examined. Such low hepatic 291 expression makes it unlikely that IGFBP-3 is a major circulating IGFBP in salmon. It is not 292 known if ALS circulates in fish blood, but the extremely low levels of production of 293 by the liver may be a major reason for the lack of ternary complex in salmon circulation.
294
The significance and/or reason of the apparent lack of ternary complex in the salmon 295 circulation are not known at present, but the following is a possible explanation why the ternary 296 complex is not formed. An advantage of forming the high-molecular-weight complex of 150 297 kDa is to prevent IGF from being filtered out by the kidney and from leaving the capillary 298 barrier (Zapf, 1995; Rajaram et al., 1997) . The capillary barrier in mammals has a molecular 299 cutoff around 60 kDa, which does not allow the 150 kDa ternary complex to pass through, 300 although the 50 kDa binary complex may be filtered (Hasegawa et al., 1992) . For this reason, 301 the ternary complex is critical to form large pools of IGFs in mammalian circulation. In 302 contrast, fish capillaries are relatively "leaky" lacking a clear molecular cutoff (Hargens et al., 303 1974), so that even if the ternary complex is formed, IGFs may not be sequestered in the 304 circulation. Furthermore, renal glomerular filtration in fish is at least an order of magnitude 306 (Hickman and Trump, 1969 311 Based on this evidence, it is hypothesized that the apparent lack of the ternary complex in fish 312 may be due to the leaky nature of the vascular system and low renal filtration in fish, which 313 does not provide a selective advantage for the formation of a ternary complex along with the 314 apparent lack of the Kupffer cells in the liver, all of which might prevent IGFBP-3 from being a 315 major circulating IGFBP. The significance of the lack of the ternary complex needs to be 316 addressed by taking account of the difference in the vascular system between mammals and 317 fishes. 512 four weeks after a water temperature change, IGFBP-1b levels in fish at 11°C became lower 513 than those at 7°C and the effect of the water temperature change disappeared by the ninth week 514 . In the same experiment, however, the change in water temperature alone 515 had no effect on IGFBP-2b levels but masked the effect of decreased feeding ration (Beckman 538 levels similar to freshwater controls (Shimizu et al., 2007) . In the same study, GH treatment was 539 found to be more effective in fish in 50% seawater presumably due to a lowered glomerular 540 filtration rate so that exogenous GH was retained longer in the circulation and stimulated 541 IGFBP-2b to a greater extent (Shimizu et 
573
Our better understanding of the fish IGFBPs invites speculation on how this system 574 evolved and how it compares functionally to the well-characterized system in mammals. The 575 evolution of IGFBP genes has been elegantly described in a number of studies proposing that an 576 ancestral IGFBP gene was duplicated in chordates and was followed by a number of whole 577 genome duplications; two whole-genome duplications in ancestral vertebrates, followed by a 578 third whole-genome duplication leading to teleosts, and a fourth whole-genome duplication in 579 some fish species, e.g., salmonids . Thus, the Atlantic 580 salmon has 19 IGFBP genes, which are 13 more than found in humans ). Fig. 3 
